The quality of Pelargonium stock plants affects the size or number of cuttings and their root regeneration. Nutrition is one of the factors that has been reported to affect stock plant development and the production of cuttings (Read, 1987) .
Nitrogen concentrations affect plant growth and cutting yield (Lemaire, 1983; Lemaire and Dartigues, 1984; Reuther and Rober, 1980) . The proportion of NO 3 -or NH 4 + absorbed by the plant depends on the plant species in question. Some plants exhibit a growth response as the NO 3 -proportion is increased (Dirr, 1975) , others thrive on NH 4 + as the N source (Colgrove and Roberts, 1956) . Plants sensitive to NH 4 + responded positively when the pH of the medium was controlled (Wander and Sites, 1956 ). The preference of N form by plant species depends on environmental conditions and stage of development Kafkafi, 1983, 1985) .
Nitrogen concentration and sources have been compared for their effect on growth and quality of ornamental plants (Boodley, 1970; Dirr, 1975; Tew Schrock and Goldsberry, 1982) . However, the fate of N from different N sources due to plant absorption, medium retention or loss from the container has not been examined in ornamental plants, except for some data on a single N fertilizer applied to potted plants (Stewart et al., 1981) .
Addition of soluble N in the irrigation water at high volume has led to the question of N efficiency usage. Nitrate could be lost by leaching, plant uptake, gaseous loss, and denitrification. Ammonium is reduced through vitrification, volatilization, and adsorption to the growth medium. Water leaching through the pots may remove NO 3 -or, to a lesser extent, NH 4 + . The objectives of this study were to determine a) the effect of N concentration and NO 3 -: NH 4 + ratio in the nutrient solution on the growth of Pelargonium stock plants and the production of cuttings, and b) the fate of applied N.
Materials and Methods
Plants of Pelargonium zonale 'Empress' (7 weeks old) were grown in 3-liter containers (each inserted into a 2-liter pot that served to collect the leachate) on tuff [particle sizes of 0.1 to 8 mm (Hershey and Paul, 1982) ] in an unheated glass greenhouse irradiated by natural sunlight (1400 to 1600 µmol·m -2 ·s -1 photosynthetic photon flux) at a temperature range of 10 to 30C for 130 days (25 Nov. 1986 until 5 Apr. 1987 . The plants were irrigated for 70 days with 200 ml of nutrient solution every other day, after which the irrigation regime was changed to daily application of 300 ml to compensate for the evaporation loss. Seven fertilization treatments were applied: four total N concentrations (50, 100, 200, and and the pH were ≈ 2.0 dS·m -1 and 6.7, respectively. The solutions were prepared with tap water with an EC of ≈ 0.8 dS·m -1 . Each treatment consisted of eight single-plant container replicates that were arrayed on the greenhouse benches in a completely randomized design. Control containers without plants (four replicates) were fertilized identically to the experimental treatments. Leachate was collected weekly from the 2-liter pots 120 min following irrigation. The leachate was analyzed for NO 3 -, NH 4 + , K + , EC, and pH, and its volume was determined.
The cumulative applied N during the experiment was 750, 1500, 3000, and 6000 mg/plant for the 50-, 100-, 200-, and 400-mg·liter -1 treatments, respectively. Nitrogen balance was calculated (N unaccounted = applied N -N uptake -N leached) .
At the end of the experiment, mother plants were divided into root, shoot, and leaves. The plant organs were weighed for fresh and dry weight (after drying at 60C). Total N was determined after wet ashing with H 2 S0 4 and H 2 O 2 . Nitrogen, NO 3 -, and NH + 4 were analyzed with a Technicon autoanalyzer (London, England) and K with a Corning 400 flame photometer (Corning, Rochester, N.Y.) . Statistical analysis were preformed using SAS stepwise regression to test the effect of N concentration or NO -3 : NH + 4 ratio on various dependent variables.
Results and Discussion
Development of mother plants. Increasing the N concentration and the NO -3 : NH + 4 ratio applied to stock plants did not affect cutting production ( Table 1 ), except that the lowest N concentration led to the lowest production, suggesting that 50 mg·liter -1 is below the optimal concentration for producing the optimum number of cuttings. Reuther and Rober (1980) reported that 20 to 30 mg N/liter was the optimum concentration for growth in the same variety; this discrepancy may be explained by the low light conditions in their experiment. Nitrogen form did not affect the production of cuttings. These data contradict those regarding the depressive effect of a high NH + 4 percentage in the nutrient solution on yield after 140 days (Lemaire, 1983; Lemaire and Dartigues, 1984) , possibly because of the differences in cultivar used or in the length of the experiment. The weight of a cutting, which was 2.6 to 2.7 g was not affected by the treatments. Root fresh weight and root : shoot ratio were negatively correlated with increasing N concentration and with the NO -3 percentage in the nutrient solution. A similar trend was obtained for leaves and cuttings, but the regression was not significant. Nitrogen form did not affect the development of the above-ground plant organs, as observed for 'Sprinter Scarlet' grown in soil (Tew Schrock and Goldsberry, 1982) . The potential production of cuttings was not affected by the weight of the root system. The percentage of dry matter was not significantly affected by the treatments, being 10% and 21% for the root and above--ground organ, respectively (detailed data not shown).
Nitrogen absorption by the mother plants. Total mineral N absorbed (Table 2 ) increased in all plant parts, except in the roots, with increasing N concentration in the nutrient solutions up to 200 mg N/liter. A further increase in N concentration resulted in a reduction of total N absorbed. Increasing the NH + 4 proportion in the solution from 30% to 40% or 60% reduced total N absorption and N absorption by stems. Nitrogen absorption by roots showed a reversed trend, but the N content tended to decrease in the above-ground organs.
Nitrogen recovery. The efficiency of N recovery is defined as the percentage of N absorbed by the plant from the total N applied. Plant N recovery (Fig. 1A) was highest for 50 mg N/ liter, with 70% of the N potentially available. Increasing N concentration in the solution to 100, 200, and 400 mg N/liter decreased plant N recovery to 50%, 25%, and 10%, respectively. These results are in accordance with those estimated for pot chrysanthemum (Barron, 1977; Holcomb, 1979) . Increasing N concentration from 50 to 400 mg N/liter increased leaching losses from 30% to 70% and potentially available N that could not be accounted for from 0.5% to 20%, respectively. The percentage of N recovered by the plant organs (data calculated from Table 2 ) was found to be similar between 50 to 400 mg N/liter. In root, shoot (stem and leaves), and cuttings, the recovered N percentages were 6.5% to 7.5%, 52% to 57%, and 34% to 38%, respectively.
Nitrogen form in the solution (Fig. lB) did not affect recovery of N by the plant. Leaching losses and N that could not be accounted for were similar (70% and 6%, respectively) for the two high NO -3 ratios (70:30, 60:40) . With the 1ow-NO -3 ratio, the leaching losses and unaccounted N were 49% and 25%, respectively. The fraction of the potentially available N that could not be accounted for (in the 40:60 ratio treatment) was of the same magnitude as that reported by Cox (1985) and Stewart et al. (1981) , who suggested that volatilization or denitrification might be the cause for this portion. In the above experiment, although the vitrification could not be ruled out, only 6% of N could not be accounted for in the high-NO -3 ratio treatment. Nitrogen losses calculated for the control and planted containers were similar; therefore, we assume that they might be due to NO -3 adsorption by the tuff. The unaccounted N losses were 1 mM( + ), 3% to 5% of the cation exchange capacity (CEC) of the tuff, which is 20 to 30 mM( + ). 100 g -l (Silber, 1984) . Chemical composition of the leachate. Nitrogen concentration in the leachate of control containers remained constant for all treatments from the 5th week on (Table 3 ). In the presence of plants, the N concentration in the leachate was lower for 50 and 100 mg N/liter and higher for 200 and 400 mg N/liter when compared with the applied solution. Whether the N concentration in the leachate is higher or lower than that of the applied solution is determined principally by the relative uptake of water and N by the plant and evaporation losses. In the 50 and 100 mg N/liter treatments, the proportion of N taken up by the plants exceeded that of water absorbed, while in 200 and 400 mg N/ liter, N concentration of the leachate was above that in the applied solution, suggesting that the proportion of water absorbed was higher than that of N. Nitrogen concentration in- (Fig. 2 C and D) . No NH + 4 was detected in 50 and 100 mg N/liter. In the leachate of the control containers, low NO (Fig. 3 A and C) . In the presence of plants, NO -3 concentration increased with time above that of the applied solution (Fig. 3B) . Ammonium concentration was 50% of that of the applied and remained constant from the 5th week onward (Fig. 3D) . The percentages of NO In the control container, the pH decreased with an increase in N concentrations; the presence of a plant moderated this effect (Table 4) . Changes in pH affect nutrient uptake (Riley and Barber, 1982) . EC of the leachate of control and planted containers mostly was higher than the applied solution whether the N concentration or the ratio was changed.
A positive linear correlation, unaffected by time, was obtained between NO -3 , NH + 4 , K, and total N concentrations in leachate of the control containers (Fig. 4A-C) . The presence of plants resulted in a similar correlation for NO 3 - (Fig. 4D) , no significant correlation for NH 4 + (Fig. 4E) , and an exponential decrease in K concentration with total N and an increase with time (Fig. 4F) .
It seems that fertilization with 50 mg N/liter at the irrigation frequencies applied in our experiment might be inadequate for Pelargonium mother plants to produce optimal number of cuttings, as also reported for chrysanthemum (Rober and Reuther, 1982) , and that 100 mg N/liter is the minimal concentration that should be used to fertilize Pelargonium stock plants. The optimal level of N supplied lies between 100 and 200 mg N/liter, since 50 mg N/liter resulted in a decrease of cutting production and low residual amounts of available N in the solution. High N concentration (400 mg N/liter) failed to enhance cutting yield and was followed by signs of salinity damage that started to appear in the end of the experiment. Nitrogen source did not affect cutting yield production. Increasing N concentration in the solution resulted in a high proportion of leached N. Increasing NH 4 + ratio in the solution resulted in a higher amount of unaccounted N, which was probably adsorbed to the tuff. The concentration and NO 3 -: NH 4 + ratio in the fertilizer applied to the stock plant can have a significant effect on N absorption by the plant and losses from the medium.
